T was isolated from a soil sample taken from a ginseng field. The strain was Gramreaction positive, catalase-positive, oxidase-negative, aerobic and non-motile. Phylogenetic analysis, based on 16S rRNA gene sequence analysis, indicated that strain DCY56 T belonged to the genus Microbacterium. The closest relatives were Microbacterium azadirachtae AI-S262
The genus Microbacterium was proposed by Orla-Jensen (1919) and emended by Collins et al. (1983) and by Takeuchi & Hatano (1998a) . At the time of writing, the genus Microbacterium consists of 84 species (http://www. bacterio.net/microbacterium.html) with validly published names, with Microbacterium lacticum as the type species (Orla-Jensen, 1919) . Members of the genus Microbacterium are short-rods, which are generally aerobic and catalasepositive. Major chemotaxonomic features of the genus Microbacterium are the presence of L-lysine or D-ornithine, and galactose and rhamnose in the cell-wall peptidoglycan and sugars, respectively. The major polar lipids are diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and glycolipids (GL) . In this study, we describe a novel strain belonging to the genus Microbacterium, designated DCY56
T . Strain DCY56 T has been classified and characterized according to the Minimal Standards provided by Schumann et al. (2009) 
A soil sample on the surface of ginseng roots cultivated in Chungnam province, Republic of Korea, was collected and suspended in sterile water, followed by serial dilutions in 0.85 % (w/v) NaCl and spreading onto one-fifth-strength R2A medium (MB cell) . After culture at 30 uC for 7 days, single colonies were chosen for purification and sent for 16S rRNA sequencing. Strain DCY56
T was found to form white, smooth and circular colonies. Strain DCY56
T was routinely cultured on R2A agar at 30 u C and maintained in suspensions of R2A broth containing 25 % (v/v) glycerol at 270 u C.
Cell morphology was observed with a Nikon light microscope (10006magnification) and transmission electron microscopy (Carl Zeiss, LEO912AB) at 100 kV under standard operating conditions. The Gram type of the cell Abbreviations: DPG, diphosphatidylglycerol; GL, glycolipid; PG, phosphatidylglycerol; MALDI-TOF/MS, matrix assisted desorption ionization time-of-flight mass spectroscopy. was checked using the non-staining method, as described by Buck (1982) . Motility was assessed in R2A broth supplemented with 0.2 % (w/v) agar (Weon et al., 2008) . Growth on nutrient agar (NA, Difco), Luria-Bertani agar (LB, MB cell), Trypticase Soy Agar (TSA, Difco) and MacConkey agar (Difco) was investigated. Growth in R2A broth at various temperatures (4, 10, 15, 25, 30, 37 and 42 u C) was monitored for 7 days. Growth at different initial pH values (pH 4-10, at intervals of 0.5 pH unit) was checked in R2A broth at 30 u C after 5 days of incubation; pH values were adjusted by using the following buffers: citric acid/sodium citrate (pH 4.0-5.5), Na 2 HPO 4 / NaH 2 PO 4 (pH 6.0-8.0), Na 2 CO 3 /NaHCO 3 (pH 8.0-9.5) and Na 2 HPO 4 /NaOH (pH 10.0) (Gomori, 1955) . Growth under anaerobic conditions was tested by incubating on R2A plates in a GasPak EZ (BD) for 14 days at 30 u C. The salinity test was checked at concentrations of 0.5-10.0 % (w/v) NaCl in NB using increments of 0.5 % (w/v) after 5 days of incubation. Catalase activity was determined by the observation of bubble production after adding 3 % (v/v) H 2 O 2 solution. Oxidase activity was detected by using oxidase reagent (bioMérieux). Hydrolysis of starch, Tween 20, Tween 80, Dnase, and casein were checked as previously described by Barrow & Feltham (1993) . Hydrolysis of starch, DNA and casein was evaluated after 3 days of incubation. Hydrolysis of Tween 20 and Tween 80 was observed after 10 days of incubation. Physiological and biochemical characteristics were determined further with API 20E, 50 CHB and API ZYM test strips (bioMérieux). API tests were performed according to the instructions of the manufacturer. Antibiotic susceptibility was checked according to the conventional Kirby-Bauer method (Prescott & Harley, 2001 ) using the following antibiotics (mg per disc, except penicillin G): carbenicillin (100), cefazolin (30), ceftazidime (30), erythromycin (15), lincomycin (15), neomycin (30), novobiocin (30), oleandomycin (15), penicillin G (10 units), rifampicin (5), tetracycline (30) and vancomycin (30). The presence of plant promoting characteristics was evaluated with strain DCY56 T and three reference type strains. Phosphate solubilizing ability was tested by streaking cells onto Pikovskaya agar medium (HiMedia) as described by Pikovskaya (1948) and results were evaluated after 14 days of incubation. The capacity to produce siderophores was checked after 7 days using Pseudomonas agar F (Difco) medium supplemented with a chrome azuzol S complex [CAS/iron(III)/hexadeciltrimethyl ammonium bromide], as described by Schwyn & Neilands (1987) . For checking the production of indole-3-acetic acid (IAA), King B broth medium supplemented with L-tryptophan (1 g.l
21
) (Glickmann & Dessaux, 1995) was used, containing the following (gl 21 , except glycerol): pancreatic digest of casein (10) (Difco), peptone (10) (Difco) dipotassium phosphate (1.5), magnesium sulfate (1.5) and glycerol (1.5 %, v/v).
Genomic DNA for genotypic analysis was extracted and purified with the Genomic DNA Isolation kit (Core Bio System). The 16S rRNA gene from the chromosomal DNA of strain DCY56
T was amplified using the universal primer set 27F and 1492R (Weisburg et al., 1991) . The purified PCR product was sequenced using the 27F, 518F and 1492R primers (Lane, 1991) . PCR amplification and purification, as well as sequencing, were carried out in Genotech (Daejeon, Republic of Korea) as described by Kim et al. (2005) . The partial sequences of the 16S rRNA gene were compiled with SeqMan software; subsequently, the nearly complete 1433 nt sequence was obtained and uploaded on the EzTaxon-e server (http://eztaxon-e. ezbiocloud.net/) (Kim et al., 2012) to determine pairwise similarity with the nearly complete 16S rRNA gene sequences available. The 16S rRNA gene sequences of closely related strains were aligned using the software CLUSTAL X 2.0.10 program (Larkin et al., 2007) . The manual trimming of gaps was performed using the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using the Tamura-Nei model (Tamura & Nei, 1993) . Phylogenetic trees were reconstructed with the neighbourjoining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods using the MEGA 6.0 program (Tamura et al., 2013) . Bootstrap analysis with 1000 replications was also conducted in order to estimate the confidence levels of tree topologies (Felsenstein, 1985) . Based on 16S rRNA gene sequence similarities, strain DCY56 T belongs to the genus Microbacterium and was closely related to Microbacterium azadirachtae AI-S262 T (), Microbacterium aerolatum V-73 T and Microbacterium phyllosphaerae DSM 13468 T (98.0 %, 98.0 % and 97.5 % 16S rRNA gene sequence similarity, respectively). All these type strains were obtained from the Korean collection for type cultures (KCTC) and used as reference strains for comparative study. The neighbourjoining phylogenetic tree ( Fig. 1) showed the taxonomic position of strain DCY56
T within the genus Microbacterium. Strain DCY56
T did not form a coherent clade with any species of the genus Microbacterium with a validly published name, as assured by a reliable bootstrap value, but it did with M. aerolatum V-73 T [supported by the maximum-parsimony tree ( The DNA G+C mol% was determined by the method of Mesbah et al. (1989) . Genomic DNA was denatured to ssDNA by heating. P1 nuclease and alkaline phosphatase enzymes were used to degrade ssDNA into nucleosides, which were analysed by HPLC [on an YMC-Pack Pro C18 RC column (15064.6 mml.D.)]. The genomic DNA of Escherichia coli strain B (D4889, Sigma-Aldrich) was used as a standard. DNA-DNA relatedness experiments were performed to determine that strain DCY56
T is different from its closest relatives. Hybridization experiments were conducted using microplates and photobiotin-labelled probe DNA (Ezaki et al., 1989) . Hybridization was carried out at 52 uC with five replications. The highest and lowest values were excluded, and the means of the remaining three values were calculated to determine DNA-DNA relatedness.
For polar lipid, quinone, peptidoglycan and whole-cell sugar analysis, the cell biomass of strains was grown in LB broth at 30 u C, with shaking at 150 r.p.m. for 24 h; cells were then freeze-dried. Polar lipids were examined by two dimensional TLC (Minnikin et al., 1984) plates were developed with chloroform/methanol/water (65 : 25 : 4, by vol.) in the first direction and chloroform/ acetic acid/methanol/water (80 : 15 : 12 : 4, by vol.) in the second direction. The respiratory quinones were extracted and determined, as previously described by Collins et al. (1977 Collins et al. ( , 1983 , using an YMC-Pack Pro C18 RC column (15064.6 mml.D.). The extracted quinones from M. azadirachtae KCTC 19668 T containing MK-12 and MK-13 (Madhaiyan et al., 2010) were used as a reference. The whole-cell sugars were analysed as described by Staneck & Roberts (1974) , except the solvent 1-butanol/pyridine/ water (5 : 3 : 2, by vol.) (Schumann, 2011) was used for running the TLC. The cell-wall peptidoglycans were extracted, purified and then hydrolysed with 6 M HCl at 100 u C for 16 h (Komagata & Suzuki, 1987) . The hydrolysed peptidoglycans were analysed by TLC using TLC cellulose [Merck KGaA (20620 cm)] and the modified solvent, methanol/pyridine/12 M HCl/water (32 : 4 : 1 : 7, by vol.), as described by Schumann (2011) . The acetyl or glycolyl type of the peptidoglycan was assessed using the method of Uchida et al. (1999) . For fatty acid methyl ester analysis, the cell biomass of strain DCY56
T and related type strains was obtained from LB agar at the early stationary phase of growth at 30 u C. The fatty acids of strains were extracted and methylated using the standard protocol of the MIDI (Sherlock Microbial Identification System), as described by Sasser (1990) , and then separated by gas chromatography (GC 6890; Agilent). Identification of methyl esters was conducted using the TSBA library (version 6.1).
For matrix assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF/MS) bacterial profiling, strain DCY56
T and M. azadirachtae KCTC 19668 T were cultivated on R2A agar for 18 h at 30 u C and then the samples were prepared as described previously (Mellmann et al., 2008) . Measurements were performed with a Microflex LT bench-top mass spectrometer (Bruker Daltonik) equipped with a 60 Hz nitrogen laser [parameter settings: ion source1 (IS1), 20 kV; IS2, 18.5 kV; lens, 8.5 kV; detector gain, 2.650 V; and gating, none]. Spectra were recorded in the positive linear mode for the mass range of 2000-20000 Da at maximum laser frequency, and analysed using the MALDI Bio typer 2.0 software package (Bruker Daltonik) with default settings. The whole process, from MALDI-TOF/MS measurements to identification, was performed automatically without any user intervention.
Strain DCY56
T was strictly aerobic, non-motile, Gramreaction positive, catalase-positive and oxidase-negative. Strain DCY56
T produced siderophore and IAA and it solubilized phosphorus. The physiological and biochemical characteristics of strain DCY56
T are summarized in the species description and a comparison of some of its selected characteristics with those of related type strains is shown in Table 1 . Strain DCY56
T did not hydrolyse Tween 20 and did not produce acid from methyl-b-D-glucopyranoside and gentiobiose, however, it produced acid weakly from L-sorbose, D-sorbitol and xylitol. These results distinguished strain DCY56
T from the three reference type strains. In addition, many characteristics of strain DCY56 T differed from those of its most closely related type strain, M. azadirachtae KCTC 19668 T (Table 1) .
The DNA G+C content of strain DCY56 T was 68.5 mol%, which lies within the DNA G+C range for the genus Microbacterium (Takeuchi & Hatano, 1998b (Table S1) . These values are low enough to confirm that strain DCY56 T represents a distinct genomic species (Wayne et al., 1987) .
The chemotaxonomic results also strongly support strain DCY56
T being a representative of a novel species of the genus Microbacterium. Strain DCY56
T contained a large amount of iso-C 16 : 0 (25.4 %), anteiso-C 15 : 0 (29.1 %) and anteiso-C 17 : 0 (29.9 %), which is typical of members of the genus Microbacterium. Moderate amounts of iso-C 15 : 0 (8.3 %), iso-C 17 : 0 (5.0 %) and a minor amount of C 16 : 0 (1.8 %) were also detected. The fatty acid profile of strain DCY56
T was compared to those of its closest phylogenetic relatives (Table S2 ). The polar lipids of strain DCY56 T consisted of the dominant compounds PG, DPG and an unidentified GL (GL1) (Fig. S2) . In addition, minor to trace amounts of an unidentified GL (GL2), an unidentified aminophospholipid, two unidentified aminolipids and six unidentified polar lipids were also detected. The menaquinones contained MK-12 (59.1 %) and MK-13 (40.9 %). The major whole-cell sugars comprised glucose, rhamnose and ribose, while galactose, mannose and fucose were the minor sugars. Ornithine was the diamino acid in the peptidoglycan; glycine, glutamic acid and alanine were also present in the peptidoglycan, but homoserine was not. The muramic acid type of the peptidoglycan was the glycolyl type.
The MALDI-TOF/MS spectra are shown in Fig. S3 . The presence of peaks in the ranges of 2400-2800, 3200-4000, 4800-6200, 6600-8000 and 9600-10000 m/z differentiated strain DCY56
T from M. azadirachtae KCTC 19668 T .
On the basis of data from the polyphasic studies described, strain DCY56 T represents a novel species of the genus Microbacterium, for which the name Microbacterium panaciterrae sp. nov. is proposed.
Description of Microbacterium panaciterrae sp. nov.
Microbacterium panaciterrae (pa.na.ci.ter'ra.e. N.L. n. Panax-acis scientific name of ginseng; L. n. terra soil; N.L. gen. n. panaciterrae soil from a ginseng field; the source of the organism).
Cells are Gram-reaction positive, aerobic, non-motile, rodshaped, catalase-positive and oxidase-negative. Growth occurs at 15-37 u C with optimum growth at 30 u C. The pH range for growth is 6.0-9.0 and the optimum pH for growth is 7.0. The salinity range for growth is 0-6.0 % (w/ v), with the optimum at 2.0 % (w/v). Growth occurs on R2A, NA, TSA and LB agar, but not on MacConkey agar. Colonies are smooth, circular, white and 1-1.5 mm in diameter after 2 days growth on LB agar at 30 u C. Cells are resistant to cefazolin, ceftazidime, erythromycin, lincomycin, neomycin, novobiocin, oleandomycin, rifampicin and tetracycline, but susceptible to carbenicillin, penicillin G and vancomycin. Hydrolyses DNA, Tween 80 and aesculin, but does not hydrolyse starch, casein, Tween 20 and tyrosine. In API ZYM tests, production of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, acid phosphatase, naphthol-AS-BIphosphohydrolase, b-galactosidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase and a-mannosidase are observed, but not of lipase (C14), cystine arylamidase, achymotrypsin, trypsin, a-galactosidase, b-glucuronidase and a-fucosidase. In API 20E tests, activities of L-arginine dihydrolase, L-lysine decarboxylase, ornithine decarboxylase, urease, tryptophan deaminase, gelatinase are negative; only b-galactosidase activity is positive. Citrate is not utilized, acetoin production is positive, but H 2 S and indole production are not. The dominant fatty acids are iso-C 16 : 0 , anteiso-C 15 : 0 and anteiso-C 17 : 0 . The major polar lipids are phosphatidylglycerol, diphosphatidylglycerol and an unidentified glycolipid. The menaquinones are MK-12 and MK-13. The cellwall peptidoglycan contains ornithine, glycine, glutamic acid and alanine. The muramic acid type of peptidoglycan is the glycolyl type. The major whole-cell sugars comprise glucose, rhamnose and ribose, with galactose, mannose and fucose as minor sugars.
The type strain DCY56 T (5KCTC 19884 T 5JCM 17839 T ) was isolated from soil from a ginseng field in the Republic of Korea. The G+C content of the genomic DNA of the type strain is 68.5 mol%. 
